Background: Drug development in cancer is costly and may be directed toward 'profitable' cancers of the more developed regions (MDR) as compared with those of the less developed regions (LDR) of the world. Here, we describe drug development in relation to cancer type and geographic location.
introduction
The world population in the year 2000 exceeded 6 billion with only 20% of the population living in the more developed regions (MDR) of the world (i.e. North America, Europe, Australia, New Zealand and Japan as defined in GLOBOCAN 2002) [1] and the rest living in the less developed regions (LDR) [2] . The global burden of cancer is increasing concurrently with the expanding world population. According to the GLOBOCAN database, an estimated 11 million new cancer cases (i.e. incidence) and 6.7 million cancer deaths (i.e. mortality) occurred worldwide in 2002. The highest incidence sites of cancer worldwide were lung, breast, colorectum, stomach and prostate, whereas the highest mortality was associated with lung, stomach, liver, colorectal and breast cancers; breast, colorectal and prostate cancers were the most prevalent cancers globally (Table 1) [1, 3] . Estimated global burden of cancer in 2004 expressed as disability-adjusted life-years (DALYs) lost closely follows the pattern of mortality [4] , and this loss is projected to increase in the LDR but not the MDR (Table 2) .
Improved knowledge of the biology of cancer has led to the development of new anticancer drugs, which are evaluated in clinical trials. Phase II and III clinical trials study efficacy and clinical benefit (as well as toxicity), respectively, and are almost always cancer specific, i.e. a particular trial evaluates only one type of cancer. To avoid publication bias and duplication of trials, and to better plan future research, the International Committee of Medical Journal Editors (ICMJE) has established registration of all new clinical trials with a penalty of denial of publication in participating journals should trials fail to be registered [5, 6] .
Sponsorship of phase III clinical trials in oncology has shifted substantially over the last three decades, from government sources to the pharmaceutical industry [7] . The cost of bringing a new cancer drug to the market is estimated at $1 billion [8] . Market prospects and return on costly investments dictate drug development in common nonmalignant illnesses of wealthier countries and the relatively minimal drug development for common infectious diseases of poorer countries [9] . In concurrence with this, 80% of the world's total financial resources devoted to health care are spent currently in wealthy countries [10] . In oncology, high costs of drug development lead inevitably to attempts to maximize profit in the marketplace.
We hypothesize that clinical development of new cancer drugs predominates for potentially more profitable cancers, which are the most lethal and prevalent cancers in wealthier countries in contrast to 'less profitable' cancers which cause high mortality and loss of DALYs in poorer countries. In the present cross-sectional study, we evaluated phase II [11] . WHO Primary and Partner Registries must meet criteria in the following categories to assure that the data collected meet the standards of the ICTRP: content, quality and validity, accessibility, unique identification, technical capacity and administration and governance. A minimum amount of information (20 items) is required for a trial to be fully registered ( Table 3 ). The registries were chosen because they meet the standard eligibility criteria of the ICMJE and the WHO and for the convenience of being available through a single search portal. ICTRP was accessed in July 2008. Using the advanced search portal, we entered the terms 'cancer' or 'neoplasm' in the 'condition' box, leaving the 'title and intervention' boxes empty. The date range was set from 1 January to 30 June 2008. All other fields were left blank or selected as 'ALL'; the latter refers to inclusion of all Primary and Partner Registries present in the ICTRP at the time of the search.
data extraction
A data extraction form was designed to capture information related to the studies. Data were collected regarding characteristics of the study (site of recruitment, registration information, phase of clinical trial and setting), features of the intervention (chemical and trade names of the agent) and the category of the agent. Sponsorship was determined using established criteria [12] [13] [14] . Any information not presented directly in the search portal was sought using a Google search. The extraction form was piloted on 20 trials and modified as necessary. All data were abstracted and entered into a database using Microsoft Access by a single author (PCH).
geographic categories and cancer incidence, mortality and prevalence Descriptive statistics was used to summarize the studies by region and by cancer type. We selected 15 types of cancer with the largest number of registered clinical trials overall in the analysis. Logarithmic transformation of variables was carried out to achieve approximate normal distribution of variables before analysis. Pearson correlation coefficients were used to evaluate the relationship between the number of registered clinical trials and incidence, mortality and prevalence in the MDR and LDR: our primary hypothesis addressed the relationship with mortality. All analyses were carried out using SAS v9.1 (SAS Institute, Cary, NC). Statistical significance was considered at P <0.05 for evaluation of the primary hypothesis; P values for relationships with incidence and prevalence are derived without correction for multiple comparisons.
results search results
Our search yielded a total of 1594 trials. This list of trials was manually filtered and ineligible trials were excluded according to the following criteria: phase I/pilot or phase IV/long-term extension studies (n = 451), studies evaluating surgery or radiation modalities (n = 202), trials dealing with screening and prevention (n = 417) and trials evaluating nonmedical therapies (e.g. psychosocial support) (n = 125). 
clinical trials and types of cancer
The most common types of cancer studied in phase II and III clinical trials in our cohort were breast 73 (18%), lung 57 (14%), prostate 44 (11%) and colorectal 28 (7%). Similarly, the highest number of phase III clinical trials evaluated drugs for breast (15) , prostate (15), lung (11) and colorectal (8) cancers (Table 4) . There was a strong association between incidence, mortality and prevalence in the MDR and the number of all registered clinical trials for the 15 sites of cancer with the highest number of registered clinical trials (Pearson r = 0.80, 0.73 and 0.63; P < 0.001, 0.002 and 0.01, respectively). In contrast, in the LDR, only prevalence showed a significant association with the number of trials for a given type of cancer (Pearson r = 0.55; P = 0.03), whereas associations with incidence and mortality were weak (Pearson r = 0.48 and r = 0.38; P = 0.07 and P = 0.17, respectively). Secondary analyses of the associations between incidence, mortality and prevalence in the MDR and LDR and the number of clinical trials recruiting in MDR and LDR only showed similar associations; however, in the LDR, clinical trials were recruiting in only eight cancer sites (Table 4) and therefore, the results of this secondary analysis should be interpreted cautiously.
clinical trials and types of treatment
Targeted therapies with small molecules or monoclonal antibodies (mAbs) were studied in 220 (55%), chemotherapy in 97 (24%), immunotherapy (not including mAbs) in 50 (13%), hormonal therapy in 18 (5%) and other therapies in 14 (4%) clinical trials. Targeted therapies were studied as monotherapy in 81 (37%) of the clinical trials and in combination with chemotherapy and other therapies (e.g. hormonal therapy and other targeted therapies) in 99 (45%) and 40 (18%) of the clinical trials, respectively. The highest number of different categories of targeted therapies was studied in prostate (10), breast (9), lung (7), colorectal (6), ovary (6), stomach (6), liver (5) and pancreatic (5) cancers.
discussion
We found a significant and strong association between global clinical drug development and cancer mortality in the MDR but no significant association with cancer mortality in the LDR. There were also strong and significant associations between number of trials and incidence and prevalence of cancers in the MDR but only a weak association with prevalence of cancers in the LDR. This is not surprising since the most prevalent cancers in the MDR are also among the most prevalent in the LDR (Table 1) , but the cancers responsible for highest levels of mortality and loss of DALYs differ. The observations of greater clinical drug development for lethal (and highly prevalent) cancers of the MDR (i.e. lung, breast, colorectal and prostate cancers) as compared with highly fatal cancers of the LDR (e.g. stomach, liver and esophageal cancers) may reflect profitdriven global drug development in cancer. Drug development for highly incident and prevalent cancers of wealthy countries may assure a higher chance to bring a new drug to market.
Mortality is the most important measure of cancer burden and progress against cancer [16] and it is expected to decrease in the MDR with improvements in prevention, screening or treatment [17] . In 2002, 40% of all cancer deaths occurred in the MDR [15] , where only 20% of the global population lives [2] . In our analysis, global drug development was strongly associated with cancer mortality only in the MDR, where the most incident and prevalent cancers are also the major killers (with the exception of prostate cancer) and represent the highest cancer burden (Tables 1 and 2 ). Prostate cancer is a less Cancer statistics and cancer publications, 90% of which are produced in the western world [18] , often emphasize the importance of breast and prostate cancers, which have a chronic course in many patients. According to our analysis, the largest number of clinical trials and the largest number of phase III clinical trials (which have the potential to bring a new drug to market and change clinical practice) are being undertaken in breast and prostate cancers. Moreover, the highest number of targeted therapies is also being evaluated in these cancers.
In agreement with the analysis of Booth et al. [7] for contemporary phase III randomized clinical trials, 57% of all phase II and III clinical trials from our cohort were sponsored by companies. Phase III clinical trials, especially those sponsored by industry, have become larger [7] and have the power to detect small, statistically significant but not necessarily clinically meaningful benefits of new therapies. Expensive new drugs with rather minimal clinical benefit have been added to the already broad armamentarium of therapeutics in breast [19] and colorectal cancers [20, 21] . Concordant with this observation, 68.7% of new chemical entities marketed globally from 1975 to 1999 for various illnesses, which were developed mostly for the needs of wealthy countries, were found to present little or no therapeutic gain compared with those already available [9] . We face intensive clinical drug development of new drugs with small and questionable clinical benefits in major cancers of the MDR, whereas drug development for major cancers in poorer countries is an unmet need.
According to the WHO projections of cancer burden for the year 2030, lung, stomach, esophagus and liver cancers will contribute the highest increase in global cancer burden [4] ( Table 2 ); these projections reflect the incidence of these cancers in the fast-growing population of the LDR. An estimated 35% of cancer mortality has been attributed to wellestablished modifiable risk factors [22] and primary prevention remains the most important and the most feasible method to reduce cancer burden. However, there is also a need for more intensive drug development to improve treatments for these types of cancer.
The strength of our analysis is in the use of a comprehensive database of valid, accurate, unique and recent information about registered clinical trials. Statistics for the LDR sample might yield more significant results with a larger sample of clinical trials. However, we assume that registration of clinical trials is continuously improving so that a 'snapshot' of clinical trial registries for a recent time period is likely to reflect clinical drug development more reliably than analysis over a longer time period. Our analysis is therefore cross-sectional and we were not able to evaluate temporal trends. It is possible that unregistered clinical trials are being conducted in the LDR, although the impact of such trials is likely to be minimal if they are denied publication.
In conclusion, with the exception of lung cancer, which is a global problem, drug development for cancer is focused predominantly on prevalent cancers of the MDR, which are the most important cause of cancer death there but not in the LDR. From a global perspective, a higher chance of bringing a new drug to market should not guide drug development in cancer. Stomach, liver and esophageal cancers will remain major killers globally and, in addition to effective prevention, should receive priority for preclinical and clinical drug development.
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